INTRODUCTION
Thin f i l m deposition followed by pulsed l a s e r treatment has been demonstrated t o be a very i n t e r e s t i n g technique f o r j u n c t i o n formation, e s p e c i a l l y i n s o l a r c e l l s f ab r i c a t i o n /1, 2/. Several advantages o f l a s e r processing cannot be r e a l i z e d by conventional thermal annealing. The l o c a l i z a t i o n o f the thermal e f f e c t s o f the l a s e r r a d i a t i o n i n a t h i n surface l a y e r w i t h o u t d i s t u r b i n g the underlying m a t e r i a l , the c o n t r o l o f the dopant d i s t r i b u t i o n p r o f i l e , and t h e complete e l e c t r i c a l a c t i v a t i o n o f dopant atoms a t concentrations exceeding the thermal e q u i l i b r i u m s o l u b i l i t y l i m i t are important f a c t o r s f o r preparation o f h i g h e f f i c i e n c y s i l i c o n s o l a r c e l l s . Furthermore the l a s e r annealing i s an e a s i l y automatized technique which can be c a r r i e d i n a i r . These p r o p e r t i e s are w e l l adapted t o the development o f a low cost and l a rge scale s o l a r energy production. This paper presents our best r e s u l t s obtained i n preparing h i g h e f f i c i e n c y and l a r g e area s o l a r c e l l s by l a s e r induced d i f f u s i o n o f t h i n f i l m s o f dopant i n c r y s t a l l i n e s i l i c o n , using scanned overlapping YAG l a s e r pulses. The p u l s e o v e r l a p p i n g can be a d j u s t e d and t h e f u l l s e t up i s microprocessor c o n t r o ll e d .
The c o n t a c t s were d e p o s i t e d on mesa s t r u c t u r e s , w i t h areas r a n g i n g between 1 and 7 1 cmL. The back c o n t a c t was u s u a l l y made by e v a p o r a t i o n under vacuum o f a l a y e r o f Au o r Ti-Ag. The c o l l e c t i o n g r i d o f t h e s o l a r c e l l was prepared b y e v a p o r a t i o n o f Ag through a mask, w i t h thicknesses comprised between 0.5 and 2 pm. F i n a l l y , an a n t i -r e f l e c t i v e c o a t i n g of 700 A o f SiO was deposited.
The c o n c e n t r a t i o n p r o f i l e s o f t o t a l and i n t e r s t i t i a l dopant were determined by RBS

+ i n random and c h a n n e l i n g c o n d i t i o n s . A 1 MeV He i o n beam (@ Q 2 mm) was used and t h e energy o f t h e b a c k s c a t t e r e d p a r t i c l e s was measured w i t h a c o o l e d s u r f a c e b a rr i e r d e t e c t o r . T h i s arrangement a l l o w e d as e q u i v a l e n t depth r e s o l u t i o n o f 200 A f o r S i .
The sheet r e s i s t a n c e o f t h e doped l a y e r s was measured by u s i n g a f o u r p o i n t probe and t h e c a r r i e r c o n c e n t r a t i o n p r o f i l e s were determined by means o f t h e d i f f e r e n t i a l sheet r e s i s t i v i t y i n combination w i t h anodic o x i d a t i o n and s t r i p p i n g technique.
The j u n c t i o n p r o p e r t i e s were deduced from dark C -V and I -V measurements and t h e c h a r a c t e r i s t i c s o f t h e s o l a r c e l l s were e v a l u a t e d a t 28' C, i n a s i m u l a t o r u s i n g an ELH lamp, which produces a reasonable approximation o f t h e AM1 spectrum when ad- T y p i c a l random and c h a n n e l i n g RBS s p e c t r a o f a 50 A Sb d e p o s i t e d f i l m on < I l l > S i a f t e r l a s e r induced d i f f u s i o n a r e shown on F i g . 1. As a r e s u l t o f t h e l a s e r i r r a -2 d i a t i o n (E = 2.5 J/cm ) , t h e dopant i s d r i v e n i n t o t h e m o l t e n s u r f a c e r e g i o n b y li-
A f t e r e p i t a x i a l regrowth t h e Sb doped l a y e r c o n s i s t s o f two r e g i o n s : A t o p surface l a y e r c o n t a i n i n g about 40% o f t h e i n i t i a l dopant where t h e Sb atoms a r e l a r g e l y non s u b s t i t u t i o n a l . An i n depth p r o f i l e which extends on s e v e r a l thousands angstroems and which c o n t a i n s h i g h l y s u b s t t i t u t i o n a l Sb w i t h a maximum c o n c e n t r a t i o n As shown0in a previous work / 6 / , the l i n e a r r e l at o deduce the value of K, iE2f which i s about 0.3. On t h e contrary, the l a s e r processed j u n c t i o n e x h i b i t s high recombination f a c t o r nr 2 4.2 and a recombination c u r r e n t density implying t h e existence o f a l a r g e r space-charge region and surface concentration o f defects t h a t a c t as generation-recombination centers. Furthermore, t h e l a s e r processed j u n c t i o n presents a reserve biased leakage c u r r e n t (measured a t 1 v o l t ) , which i s one order o f magnitude higher than f o r the thermal d i f f u s e d diode. This behaviour can be mainly r e l a t e d t o the h i g h surface recombination e f f e c t s which have several o r i g i n s : h i g h surface c o n d u c t i v i t y ; heavy doping e f f e c t s , dangling bonds, surface roughness induced by the l a s e r treatment as confirmed by Talystep and m icroscopic observations. However, we must also take i n t o account on t h e i n f l u e n c e o f donor defects, introduced by the l a s e r i r r a d i a t i o n i n t h e t r e a t e d l a y e r , as demonstrated by Kimerling /7/. This behaviour can be analyzed i n terms o f a compensation e f f e c t o f the P-type subst r a t e s doping l e v e l (% I x 1016 cmm3), by the e l e c t r i c a l l y a c t i v e N-type defects created by the l a s e r treatment. ned , i n a previous work /2/, by using a l a r g e s i n g l e pulsed ruby l a s e r (Voc=560 mV).
~m -~) , demonstrates t h e f u l l y e l e c t r i c a l a c t i v i t y o f the s u b s t i t u t i o n a l dopant. I t r e s u l t s a very low sheet resistance o f the doped l a y e r s by t h i s method
This d i f f e r e n c e i s mainly r e l a t e d t o the increase o f t h e j u n c t i o n depth /8/, as sonfirmed by RBS experiments, by using t h e overlapping ~u l s e d YAG l a s e r (XJ % 4000 A), compared t o t h e s i n g l e pulsed ruby l a s e r (XJ % 3000 A).
The p h o t o v o l t a i c c h a r a c t e r i s t i c s of t h e two best l a s e r processed s o l a r c e l l s (1.3 2 and 7.07 cm area, r e s p e c t i v e l y ) are reported on Table I . A maximum conversion e f f i c i e n c y o f 15.5%, w i t h an a n t i -r e f l e c t i v e coating The achieved p h o t o v o l t a i c c h a r a c t e r i s t i c s , n % 15.5 % under AM1 i l l u m i n a t i o n condit i o n s , are t o our knowledge the best r e s u l t s , p r e s e n t l y published by using t h e l a s e r induced d i f f u s i o n processing.
